Membrane interactions of tetanus and botulinum neurotoxins: a photolabelling study with photoactivatable phospholipids.
Tetanus and botulinum neurotoxins (TeNT and BoNT) bind strongly and specifically to the nervous tissue, as it can be inferred from their potency and from their effects restricted to the nervous system. The molecular basis of these properties are presently unknown. As a first approach, we have investigated the interaction of TeNT and BoNT with model membranes by photolabelling with phospholipid analogues carrying the photoreceptor group at different positions of the lipid molecule in order to probe different membrane regions. We found that at neutral pH TeNT and BoNTs (type A, B and E) adsorb onto the surface of negatively charged liposomes. Polysialogangliosides increase this interaction only slightly thus suggesting that they provide a minor contribution to toxin lipid binding. On this basis we propose that clostridial neurotoxins bind to lipids via both a predominant unspecific interaction with negatively charged lipids (including gangliosides) and a specific, but weaker, interaction with polysialogangliosides. At acidic pH values both chains of these neurotoxins are labelled strongly by photogroups located in the hydrophobic milieu of the membrane with a pH dependence that overlaps the range of pH values reached in the endosomal lumen. This result is consistent with their insertion into the lipid bilayer in agreement with the idea that clostridial neurotoxins may penetrate into cells via intracellular low pH compartments.